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Amendments to the Specification 

Please substitute the following paragraph [0018] for the current paragraph [0018]: 
[0018] FIG. 6 is a block diagram of an e xampl e block diagram of a second order analog 

multi-bit delta-sigma modulator, in accordance with an aspect of the invention. 

Please insert the following paragraph between paragraphs [0019] and [0020] of the 
present application: 

FIG. 7B illustrates an example timing diagram for an exemplary feedback 
processing circuit for the analog multi-bit delta-sigma modulator illustrated in FIG. 6; 

Please substitute the following paragraph [0020] for the current paragraph [0020]: 
[0020] FIG. 7B-7C illustrates another example timing diagram for the analog multi-bit 

delta-sigma modulator illustrated in FIG. 6; 

Please substitute the following paragraph [0029] for the current paragraph [0029]: 
[0029] FIG. 46 -1 5 A illustrates an example timing diagram for the analog multi-bit delta- 

sigma modulator illustrated in FIG. 8; 



Please add the following paragraph after paragraph [0029] in the present application: 
FIG. 15B illustrates another example timing diagram for the analog multi-bit 
delta-sigma modulator illustrated in FIG. 8. 
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Please substitute the following paragraph [0044] for the current paragraph [0044]: 

[0044] To avoid performance degradation due to delay in the quantizer and digital 

feedback circuit in a multi-bit analog delta-sigma modulator the delay in these circuits 
must be made less than or equal to the number of clock periods required for optimum 
operation of the modulator. This typically precludes the use of pipelining techniques 
either in the quantizer or in the digital feedback circuit to aide in the implementation of 
these circuits. Pipelining techniques may be useful in the quantizer comparators. 
Multiple stages of pipelined comparator latches may be used to help reduce dynamic 
offsets and to improve comparator metastability. Pipelining techniques to h e lp r e duc e 
dynamic offsets. They may also be used in the quantizer architecture to obtain a more 
efficient implementation of a high-resolution quantizer. For example, if the number of 
thresholds in the quantizer is large (i.e., high resolution) then the pipelined ADC 
architecture is much more efficient than a Flash ADC architecure. That is, the pipelined 
ADC architecture requires fewer comparators and it is also less sensitive to comparator 
offsets. Pipelining may also be used in the digital feedback circuit to allow a state- 
machine implementation with more than one state entered for each piece of data 
processed in the feedback circuit. In order to make use of extensive pipelining the 
modulator sample clock period must be divided into finer resolution in time. 

Please substitute the following paragraph [0055] for the current paragraph [0055]: 

[0055] The preceding discussion focuses primarily on discrete-time analog delta-sigma 

modulator implementations. For continuous time analog d e lta sigma modulators th e r e 
ar e a coupl e of sp e cial consid e rations. There are some differences in operation between 
discrete-time and continuous-time modulator implementations. For e xample, in a 
continuous tim e modulator th e signal availabl e at th e input to th e quantiz e r is a 
continuous tim e signal and th e circuitry that process e s th e output of th e f ee dback digital 
to - analog convert e r is continuous tim e circuitry. — It g e nerally do e s not mak e s e ns e , 
ther e for e , to discuss "sampl e rat e " or "rat e of sp ee d" with resp e ct to continuous tim e 
d e lta sigma modulators. Instead, th e "sampl e rate" of th e continuous time analog d e lta - 
sigma modulator is determin e d by th e rat e of th e f ee dback DAC circuitry. — Fof 
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continuous tim e d e lta sigma modulators, th e r e for e , it is not n e c e ssarily us e ful to 
impl e m e nt a f ee dback DAC with high rat e pip e lined circuitry. — In oth e r words, for 
continuous tim e d e lta sigma modulators, it is often pr e f e rabl e to impl e m e nt th e f ee dback 

DAC — with lower data rate — circuitry. High throughput rat e pipelined circuit 

impl e m e ntation options for continuous time analog d e lta sigma modulators includ e , 
without limitation: 

quantizer alono; 

quantizer and digital f ee dback circuitry; 
digital f ee dback circuitry alon e ; 

quantiz e r and a portion of the digital f ee dback circuitry; and 
a portion of th e digital f ee dback circuitry alon e . 

Please substitute the following paragraph [0056] for the current paragraph [0056]: 

[0056] Anoth e r For example, a p eculiarity of continuous-time modulators is that there is 

not a fixed amount of time to implement the processing provided by the quantizer, the 
digital feedback circuitry, and/or the feedback DAC circuitry. In a continuous-time 
modulator the performance of the modulator improv e s typically degrades if the amount 
of time for the processing (i.e., delay) of these blocks is decr e as e d, increased. Delay can 
degrade stability of the continuous-time modulator loop and can degrade noise-shaping 
performance. Therefore in In a continuous-time modulator it is desirable to make the 
amount of time required for the processing of these blocks as small as possible very small 
with respect to the time constants of the continuous time filter circuitry within the analog 
continuous-time modulator loop . 

Please substitute the following paragraph [0057] for the current paragraph [0057]: 

[0057] In the discrete time modulator, on the other hand, there is typically a fixed 

amount of time available. In the discrete time modulator, if the processing takes more 
time than the fixed amount of delay, the modulator generally will not operate properly. 
If the processing takes less time than the fixed amount of delay, then additional delay 
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should m ay b e added to increase the processing time to equal the fixed amount of time 
available. 



Please substitute the following paragraph [0061] for the current paragraph [0061]: 

[0061] The total throughput delay time of the multi-bit quantizer circuitry 204 and the 

digital feedback circuitry 206 is substantially equal to the product of the number of clock 
periods of delay in these circuits and the period of the clock used in these circuits. Since 
these circuits are operated at the higher clock rate, the clock period is reduced by a factor 
of X. The total throughput delay of the multi-bit quantizer and digital feedback circuit 
therefore decreases in proportion to X. In an embodiment at least one digital output 
signal of the digital feedback circuitry 206 is subsampled at the reduced rate to provide at 
least one digital output signal of analog delta-sigma modulator 200. 

Please substitute the following paragraph [0063] for the current paragraph [0063]: 

[0063] In operation, a digital output signal 314a of the multi-bit quantizer circuitry 304 

is passed at the high rate to at least one input of the digital feedback circuitry 306. The 
digital feedback circuitry 306 processes the data from the multi-bit quantizer using a 
combination of digital circuitry operating at the high-rate and digital circuitry operating 
at the reduced rate. At least one digital output signal 316 of the digital feedback circuitry 
306 is sub-sampled at the reduced rate to provide at least one digital input signal 318 for 
the feedback DAC circuitry 308. In an embodiment at least one digital output signal of 
the digital feedback circuitry 306 is subsampled to provide at least one digital output 
signal of multi-bit analog delta-sigma modulator 300. 

Please substitute the following paragraph [0064] for the current paragraph [0064]: 

[0064] FIG. 4 illustrates a multi-bit delta-sigma modulator 400, including multi-bit 

quantizer circuitry 404, digital feedback circuitry 406, and feedback DAC circuitry 408. 
The multi-bit delta-sigma modulator 400 is substantially similar to the multi-bit delta- 
sigma modulator 300, except that here, at least one digital ouput signal 416 of the digital 



-6- 

Todd Brooks 
Appl. No. 10/668,296 

feedback circuitry 406 is provided at the reduced rate to at least one input of the feedback 
DAC circuitry 408. In an embodiment at least one digital output signal of the digital 
feedback circuitry 406 provides at least one digital output signal of multi-bit analog 
delta-sigma modulator 400. 

Please substitute the following paragraph [0065] for the current paragraph [0065]: 
[0065] FIG. 5 illustrates a multi-bit delta-sigma modulator 500, including multi-bit 

quantizer circuitry 504, digital feedback circuitry 506, and feedback DAC circuitry 508. 
In this example, the multi-bit quantizer circuitry 504 operates at a higher rate and the 
digital feedback circuitry 506 and the feedback DAC 508 operate at a lower rate. A 
digital output signal 514b of the multi-bit quantizer circuitry 504 is sub-sampled at the 
reduced rate and provided to the digital feedback circuitry 506. In an embodiment at 
least one digital output signal of the digital feedback circuitry 506 provides at least one 
digital output signal of multi-bit analog delta-sigma modulator 500. 

Please substitute the following paragraph [0066] for the current paragraph [0066]: 
[0066] FIG. 6 is a block diagram of an example second order analog multi-bit delta- 

sigma modulator 600, implemented in accordance with the present invention. FIGS. 7A A 
7B, and 7C and 7B illustrate example timing diagrams for the analog multi-bit delta- 
sigma modulator 600. 

Please substitute the following paragraph [0070] for the current paragraph [0070]: 
[0070] FIG. 8 is a block diagram of another example analog multi-bit delta-sigma 

modulator 800, implemented in accordance with the present invention. FIG. 9 illustrates 
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an example system diagram for the analog multi-bit delta-sigma modulator 800. FIG. 16 
illustrat e s an F IGS. 15A and 15B illustrate example timing diagrams for the analog 
multi-bit delta-sigma modulator 800 , using 0.13 |nm processes and 0.18 jam processes, 
respectively . 

Please substitute the following paragraph [0071] for the current paragraph [0071]: 

[0071] FIG. 12 illustrates a multi-bit delta-sigma modulator 1200, including multi-bit 

quantizer circuitry 1204, digital feedback circuitry 1206, and feedback DAC circuitry 
1208. In this example, the multi-bit quantizer circuitry 1204 and the feedback DAC 
1208 operate at a lower rate. The digital feedback circuitry 1206 operates at a higher 
rate. A lower rate digital signal 1214b from the quantizer circuitry 1202 1204 is 
oversampled for use in the higher rate digital feedback circuitry 1206. At least one 
digital output signal 1216 of the digital feedback circuitry 1206 is sub-sampled at the 
reduced rate to provide at least one lower rate digital input signal 1218 to the lower rate 
feedback DAC circuitry 1208. In an embodiment, at least one digital output signal of the 
digital feedback circuitry 1206 is subsampled to provide at least one digital output signal 
of multi-bit analog delta-sigma modulator 1200. 

Please substitute the following paragraph [0072] for the current paragraph [0072]: 
[0072] One or more of a variety of digital signal processes can be performed in the 

digital feedback circuitry 106. For example, in an embodiment, digital dither is applied 
to the digital signal in the digital feedback circuitry 106 to r e duc e quantization noise 
break up limit cycles in a delta-sigma modulator and reduce large amplitude idle tones 
which commonly occur near one-half the sample rate of the delta-sigma modulator . FIG. 
17 illustrates an e x e mplary logic impl e m e ntation for a digital dither circuit that can b e 
impl e m e nt e d within th e digital f ee dback circuitry 106. 
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Please substitute the following paragraph [0074] for the current paragraph [0074]: 
[0074] Methods and systems for adding digital dither are described in co p e nding and 

commonly owned U.S. Application s e rial Patent n umber (to b e assign e d, attorn e y dock e t 
number 1875.0920001) 6.577,257 , titled "Methods and Systems for Digital Dither," filed 
on September 4-4-12, 2001, incorporated herein by reference in its entirety. 

Please substitute the following paragraph [0075] for the current paragraph [0075]: 

[0075] In an embodiment, the digital feedback circuitry 106 includes a dynamic element 

mismatch circuit and/or a shuffler circuit . Mismatch shaping circuitry shap e s th e and 
shuffler circuitry shape mismatches in the analog elements to substantially reduce errors 
in the signal band of an over sampling converter. FIG. 1 8 illustrat e s an e x e mplary logic 
implementation for a dynamic e lem e nt mismatch circuit that can b e impl e m e nted within 
th e digital f e edback circuitry 106. 

Please substitute the following paragraph [0076] for the current paragraph [0076]: 

[0076] Additional methods and systems for dynamic mismatch shaping and shuffling are 

described in the following co p e nding and commonly owned U.S. applications, all of 
which are incorporated herein by reference in their entireties: 

Please substitute the following paragraph [0091] for the current paragraph [0091]: 
[0091] In an embodiment, step 1 106 includes applying digital dither to the digital signal 

1214b. Methods and systems for applying digital dither are described in co pending U.S. 
application serial Patent n umber (to b e d e termin e d, fil e d S e pt e mb e r 1 1, 2001, attorn e y 
dock e t numb e r 1875.0920001) 6,577.257, incorporated herein by reference in its 
entirety. 
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Please remove paragraphs [0028], [0030], [0031] and [0099]. 



